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followed by incubation at 4°C overnight or at 37 °C for two 
hours. In the primary ELISA, HRP-con jugated mouse antihuman 
IgM was used as described in Example 1. Two hybridomas that 
secreted anti-TTC according to the ELISA assay, clone Q5.1 
5 and clone K4 . 1 were used for further analysis. 

As shown in Figure ll r clone D5.1 secretes fully 
human anti-TTC which is detectable using HRP-conjugated 
antihuman m chain antibody and HRP-conjugated antihuman k 
chain antibody. This is confirmed in Figure 11. 
10 ' ' The antibody secreted by D5.1 did not immunoreact 

in ELISAs using TNFa, IL-6, or IL-8 as immobilized antigen 
under conditions where positive controls (sera from xenomice 
immunized with TNFa, IL-6 and IL-8 respectively) showed 
V ' positive ELISA results. 
15 1 The complete nucleotide sequence of the cDNAs 

encoding the heavy and light chains of the monoclonal were 
•determined as shown in Figures 12 and 13. polyA mRNA was 
isolated from about 10 6 hybridoma cells and used to generate 
cDNA using random hexamers as primers. Portions of the 
20 product were amplified by PCR using the appropriate primers. 
" The cell line was known to provide human k light 

chains; for PCR amplification of light chain encoding cDNA, 
the primers used were HKP1 ( 5 9 -CTCTGTGACACTCTCCTGGGAGTT-3 ' ) 
for priming from the constant region terminus and two oligos, 
25 used in equal amounts to prime from the variable segments; B3 
( 5 ' -GAAACGACACTCACGCAGTCTCCAGC-3 ' ) . 

For amplification of the heavy chain of the 
antibody derived form D5.1 (which contains the human v 
constant region) , MG-24VI was used to prime from the variable 
30 and mPI (5 ' -TTTTCTTTGTTGCCGTTG'GGGTGC-3 ' ) was used to prime 
from the constant region terminus. 

Referring to Figure 12 which sets forth the 
sequence for the heavy chain of the antibody secreted by 
clone D5.1, this shows the heavy chain is comprised of the 
35 human variable fragment VH6, the human diversity region DN1 
and the human joining segment JH4 linked to the human /i 
constant region. There were two base-pair mutations from the 
germline sequence in the variable region, both in the CDRs. 



- 27 - 



WO 96/33735 

PCT/US96/05928 

Two additional stations were ln th . D se ^ t 
=: „ e nucleotiae additions _ ^ ^ ^ 

Finally, referring to Figure 13 wh^K 
lioht chain of the antibody secr«Id "y o 5 T the Pr :r" tS ^ 
variable re,ion B3 and human . loinino , " 
-era are nine base . palr dlff ^^« "l":/"™- 
sequenees, thraa falling wit „ CDR1 . "* 9en,Une 

Example j 
Human Antibodies r ^gajn^ P ™ r - 
Groups of XenoMouse~- 2 were ionized ' 
intraperitoneally with either PTHm n 

BTC, as described by Ratcli e ^ ^ <> ™ted with 
122:109 (1990) . or with PTHm M , 1 ^ I]Sm ^-^ho6s 

( . umple a„^r:: t ~; - - 

intervals, and bled after t " *** aniBal at * wee* 

immunized with pth™ »k „ Table 2. When 

in 5 of 7 XenoMouse- shoved low serum titers 

used 7 " rSt "" d ' *« "HH.-MAP is 

used. 7 of ., „ lce show Mgh seruB on ^ ^ 
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HUMAN ANTIBODIES DERIVED FROM IMMUNIZED XENOMICE 

Technical Field 

The invention relates to the field of immunology, 
5 . and in particular to the production of antibodies. More 
specifically, it concerns producing such antibodies by a 
process which includes the step of immunizing a transgenic 
animal with an antigen to which antibodies are desired. The 
transgenic animal has been modified so as to produce human, 
10 as opposed to endogenous, antibodies. 

* Background Art 

PCT application WO 94/02602, published 3 February 
"l 1 1994 and incorporated herein by reference, describes in 
15 1 detail the production of transgenic nonhuman animals which 
are modified so as to produce fully human antibodies rather 
' « than endogenous antibodies in response to antigenic 

challenge. Briefly, the endogenous loci encoding the heavy 
and light immunoglobulin chains are incapacitated in the 
20 transgenic hosts and loci encoding human heavy and light 

1 chain proteins are inserted into the genome. In general, the 
animal which provides all the desired modifications is 
obtained by cross breeding intermediate animals containing 
fewer than the full complement of modifications. The 
25 preferred embodiment of nonhuman animal described in the 
specification is a mouse. Thus, mice, specifically, are 
described which, when administered immunogens, produce 
antibodies with human variable regions, including fully human 
antibodies, rather than murine antibodies that are 
30 immunospecif ic for these antigens. 

The availability of such transgenic animals makes 
possible new approaches to the production of fully human 
antibodies. Antibodies with various immunospecif icities are 
desirable for therapeutic and diagnostic use. Those 
35 antibodies intended for human therapeutic and in vivo 

diagnostic use, in particular, have been problematic because 
prior art sources for such antibodies resulted in 
immunoglobulins bearing the characteristic structures of 
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««>odi.s prcducea by ncnhu-an hosts . such ant . bod 
to be isogenic when usea in humans. 

The availability of the ncnhu„.„, iMnlnogen 
responsive transgenic ani*, ls aescribea in the above 
referenced wo 94/02602 make Dos^ihi^ 

hu»,n antibodies without h.^ " H~'T « 
hosts. necessity of employing human 

Disclosure of the Inygnjtjgn, 

The invention is directs + u... 

hu-en antiboaies b y a process vheM at .^T *° 

the process includes inmunizino . e ' S " P °' 

^ the aesirea ^r^T^tr,."-- 1 

sr-rr^tr^' but instead ~ ^ 

runy human immunoglobulins Tho a „4.u 
produced can be obtained fro™ «.„ antibodies 

irom the animal direetiv * 
immortalized B-cells derived fro™ * h • " * * 

antibodies soch as. fo r e„a„ple. singie chain 

-ethoa St. a mxThT' the inventi0 " is « « 

antigen o/to proaece ^an g " ITlZlT" ,7 
process uhirh ^ immunoglobulin by a 

process which comprises immunizina a 

anH „ „ . '"i.izing a nonhuman animal with the 

antigen under conditions that- •. 

stimulate an immune res Don « 
The nonhuman animal is character * w response, 
incaoabl* „, „ characterized by being substantially 

incapable of producing endogenous heavy or light 
immunoglobulin chain, but capable of producing 
immunoglobulins with both human variable and constant 
regions. lB the resulting immune response, the animal 

^rz;^£ - are ^ 

animal for example, f r0 m the serum, or primary B cells Ian 
be obtained from the animal and immortalized. The 
immortalized B cells can be used directly as the source of 
human antibodies or alter-nat-,-, •. rce ot 

or, alternatively, the genes encoding the 
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antibodies can be prepared from the immortalized B cells or 
from primary B cells of the blood or lymphoid tissue (spleen, 
tonsils, lymph nodes, bone marrow) of the immunized animal 
and expressed in recombinant hosts, with or without 
5 modifications, to produce the immunoglobulin or its analogs. 
In addition, the genes encoding the repertoire of 
immunoglobulins produced by the immunized animal can be used 
to generate a library of immunoglobulins to permit screening 
for those variable regions which provide the desired 

10 affinity. Clones from the library which have the desired 
characteristics can then be used as a source of nucleotide 
sequences encoding the desired variable regions for further 
manipulation to generate antibodies or analogs with these 
characteristics using standard recombinant techniques. 

15 in another aspect, the invention relates to an 

i 

immortalized nonhuman B cell line derived from the above 
described animal. In still another aspect, the invention is 
directed to a recombinant host cell which is modified to 
contain the gene encoding either the human immunoglobulin 

20 with the desired specificity, or an analog thereof which 
exhibits the same specificity. 

In still other aspects, the invention is directed 
to antibodies or antibody analogs prepared by the above- 
described methods and to recombinant materials for their 

25 production. 

In still other aspects, the invention is directed 
to antibodies which are immunospecif ic with respect to 
particular antigens set forth herein and to analogs which are 
similarly immunospecif ic, as well as to the recombinant 

30 materials useful to production of these antibodies. 

Brief Description of the Drawings 

Figure 1 is a schematic of the construction of the 
yHIC human heavy chain YAC. 
35 Figure 2 is a schematic of the construction of the 

yK2 human kappa light chain YAC. 

Figure 3 shows the serum titers of anti-IL-6 
antibodies from a XenoMouse w immunized with human IL-6 and 
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:::; h ::;r es contain • »■*. — /or huroan M 

' . WhiCh -tibodies contain human K " pht I TNF-q and 

heavy chains. llght chains and/or human „ 

, from a XenoMlu^^^J^^ * i ' ers ° f anti ^D4 antibodies 

antibodies contain hua ^ ^ WhiCh 

.-- Chains. ll9ht chain * "d/or human u neavy 

Figure 6 shows the serum tit- 
immunized with 300. 19 ce ii e «**rs of a XenoMouse*" 

surface. In the ELISA « -eir 

, detectable if they carry human ai *ibodies are 

chains. * hUD,an " c °nstant region heavy 

Figure 7 shows the serum to- 
. immunized with 300.19 ceil* "ters of a XenoMouse* 

surface. In the EL1SA J^ITT "'^^ " their 
detectable only if thev * antib °dies are 

Figure 8 sh 7 ^ ^ * light ^ains. 
figure 8 shows a FArc 2^*1 

incubated with serum from a x«JT °* ^ neutro Phils 

L-selectin and i abele d with IT ^""^ With *«» 

human light chain « region. * inunUnorea ^ive with 

transfect ^iL^/J^^ Pla f id to 
human protein gp3 9 . he P rodu etion of the 

Figure 10 represents the serum 
nice immunized with CHO cells exnr/ tltra ^°" curve of 
antibodies detected in this ^J^**** n ^ l " aaB ^ 
9P39 and contain human heavy chain ^oreactive with 

human , light chains. " COnstant "9ions of 

^noclonal^tlLd^'es^cre'tir^ 0 ^ r6SpeCt to 

This clone is obtained trim v " hybrid0,Da Cl ° ne D5 ^ 
tetanus toxin c and Xen ° M ° USe " ^-ized with 

human „ constant reg on ^T* *«» * »** chain and 

y-i°n m the heavy chain. 
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Figure 12 DNA sequence of the heavy chain of anti 
tetanus toxin monoclonal antibody D5.1.4 (a subclone of 
D5.1). Mutations form gerroline are boxed. 

Figure 13 DNA sequence of the kappa light chain of 
5 . anti-tetanus toxin monoclonal antibody D5.1.4. Mutations 
form germline are boxed. 

Figure 14 shows the serum titers of anti-IL-6 
antibodies of XenoMouse™ immunized with human IL-8 and which 
antibodies contain human k light chains and/br human m heavy 
10 chains. 

Figure 15 Inhibition of IL-8 binding to human 
* neutrophils by monoclonal anti-human-IL-8 antibodies. 

Figure 16 (A-H) DNA sequences of the heavy chain 
V 'and kappa light chain of the anti-IL-8 antibodies Dl.l (16A- 
15 j B), K2.2 (16C-D), K4 . 2 (16E-F), and K4 . 3 (16G-H). 

• Modes of Carrying Out the , Invention 

In general, the methods of the invention include 
administering an antigen for which human forms of 
20 immunospecif ic reagents are desired to a transgenic nonhuman 
,: animal which has been modified genetically so as to be 

capable of producing human, but not endogenous, antibodies. 
Typically, the animal has been modified to disable the 
endogenous heavy and/or kappa light chain loci in its genome, 

2 5 so that these endogenous loci are incapable of the 

rearrangement required to generate genes encoding 
immunoglobulins in response to an antigen. In addition, the 
animal will have been provided, stably, in its genome, at 
least one human heavy chain locus and at least one human 
30 light chain locus so that in response to an administered 
antigen, the human loci can rearrange to provide genes 
encoding human variable regions immunospecif ic for the 
antigen. 

The details for constructing such an animal useful 

3 5 in the method of the invention are provided in the PCT 

application WO 94/02602 referenced above. Examples of YACs 
for the present invention can be found in, for example, Green 
et aJ. Nature Genetics 7:13-21 (1994). In a preferred 
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embodiment of the XenoMouc;*» m k 

' nonouse ' the human heavy chain YAC vHir 
■U«. *b>. and nu.an Hg ht chain ,«. y K 2 ,1 , b) \lTX 

I:," ° "* J " - «. constant regions 

and the mouse 3' enhancer vk? ^ e 

uer - y K 2 is comprised of 65n Wh <-u 

husan Kappa chain proximal varlable ^ 

the Kappa deleting eL-ent ,,„., . Both YJCS ™ 
hu, an HPPT selectable narfcer on their vac vector 
Construction of ymc and vk? 

Known in the art m brief Z T"* * ""^ 

the h„nan i^nc^x""!" ^ ^ ~ " 
V« library .Calbertsen et al, ^ 6 

stii^rr : lon,s u ° re soined by « »* 

(»»3)) Details of the schemes ,or assessing ymc and VK2 
are shown in Figure , and Figure 2 respectively. * 
VK2 vas constructed fro. the clones A80-C7 

~ ? 3 ; C6 fron the oison iib — — - : 

et aj Sci \' a^.-0-.» (1987), Brownstein 

et al scoence 2*4:1348-1351 U 989>, and Burke et flJ 

Methods in EnrymMoTg 121:251-270 (1991). 

For production of the desired antibodies, the first 
step ls administration of the antigen. Techniques for such 
administration are conventional and involve suitable 
^unization protocols and formations which will depend on 
the nature of the antigen per ... lt may be necessar * tQ 
prov.de the antigen with a carrier to enhance its 
^unogenicity and/or to include formulations which contain 
adjuvants and/or to administer multiple injections and/or to 
vary the route of the immunization, and the li ke . such 
technagues are standard and optimization of them will depend 
on the characteristics of the particular antigen for whic^ 
immunospecific reagents are desired. 

inclu, ^ USGd h6rein ' term "^^Pecific reagents" 

includes immunoglobulins and their analogs. The term 
"analogs" has a specific meaning in this context. It refers 
to moietaes that contain the fully human portions of the 
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immunoglobulin which account for its immunospecif icity . In 
particular, complementarity determining regions (CDRs) are 
required, along with sufficient portions of the framework 
(Frs) to result in the appropriate three dimensional 

5 conformation. Typical immunospecif ic analogs of antibodies 

include F(ab M ) 2 , Fab', and Fab regions. Modified forms of the 
variable regions to obtain, for example, single chain F v 
analogs with the appropriate immunospecif icity are known. A 
review of such F v construction is found, for example, in 

10 ' Huston et aJ . , Methods in Enzvmology 203 : 46-63 (1991). The 
construction of antibody analogs with multiple 
immunospecif icities is also possible by coupling the variable 
regions from one antibody to those of second antibody. 
V ' The variable regions with fully human 

15 \ characteristics can also be coupled to a variety of 

additional substances which can provide toxicity, biological 
1 1 functionality, alternative binding specificities and the 
like. The moieties including the fully human variable 
regions produced by the methods of the invention include 

20 single-chain fusion proteins, molecules coupled by covalent 
,! methods other than those involving peptide linkages, and 
aggregated molecules. Examples of analogs which include 
variable regions coupled to additional molecules covalently 
or noncovalently include those in the following nonlimiting 

25 illustrative list. Traunecker, A. et al . Int. J. Cancer Supp 
(1992) Supp 7 :51-52 describe the bispecific reagent janusin 
in which the F v region directed to CD3 is coupled to soluble 
CD4 or to other ligands such as OVCA and IL-7. Similarly, 
the fully human variable regions produced by the method of 

30 the invention can be constructed into F v molecules and coupled 
to alternative ligands such as those illustrated in the cited 
article. Higgins, P.J. et al J. Infect Disease (1992) 
166 : 198-202 described a heterocon jugate antibody composed of 
OKT3 cross-linked to an antibody directed to a specific 

35 sequence in the V3 region of GP12 0. Such heterocon jugate 

antibodies can also be constructed using at least the human 
variable regions contained in the immunoglobulins produced by 
the invention methods. Additional examples of bispecific 
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antibodies include those described by Fanger, M.W. et ai 

^f^" (1M3) M:181 . 194 and by Fanger< k v 

crot Rev Immunol (1992) ^ :10M24 . conjugates that are 
i^unotoxins including conventional antibodies have been 
5 widely described in tne art< Thfi toxins - 

the antibodies by conventional coupling techniques or 
i»unotoxin. containing protein toxin portions can be 
produced as fusion proteins. The analogs of the present 
invention can be used in a corresponding way to obta\ such 
10 immunotoxins. Illustrative of such imJL/ • 

described by Byers BS et s ch /^otonns are those 

aJ ' Seminars r^n Pir -, (1£> 

2:59-70 and by Fanger m u p <- J T (1991) 

12:51-54. Immunol Today, (1991) 

» vill also be noted that some of the 

aZis°t 9l0b : linS anal ° 9S ° f ^ inVenti °" ^ve 
agonist activity with respect to antigens for which they are 

i»munospecific in the cases wherein the antigens per foZ 
sxgnal transducing functions. Thus, . ^J™ 

unospecific for, for example, a cell surface 
rector „U1 >. capable of ^ , J 

r"V h,! reCePt ° r ™"«P-«» 5 to that elicited by the 
native Irgand. Furthermore, antibodies or analogs which ere 
--specific ior substances mining transition ZT.sZ 
•5 chemrcal reactions will have catalytic activity. Hence a 
subset or the antibodies and analog or the invent^ „U 
function as catalytic antibodies. 

In short, the genes encoding the immunoglobulins 
produced by the transgenic animals o, the invention can oe 
0 retrieved and the nucleotide seguences encoding the Uy 
human variable reaion K „ iUia ' 

manipulated according to known 
techniques to provide a variety of analog 
^ , ec ' ot analogs such as those 

described above. m addition thn < 

contain . „ +K . Edition, the immunoglobulins themselves 

5 standard I a0dified Usin * 

standard coupling techniques to provide conjugates retaining 
immunospecific regions. retaining 

Thus, immunoglobulin "analogs" refers to the 
—ties which contain those portions of the antibodies of 
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the invention which retain their human characteristics and 
their immunospecif icity . These will retain sufficient human 
variable regions to provide, the desired specificity. 

As stated above, all of the methods of the 
5 invention include administering the appropriate antigen to 
the transgenic animal. The recovery or production of the 
antibodies themselves can be achieved in various ways. 

First, and most straightforward, the polyclonal 
antibodies produced by the animal and secreted into the 
10 bloodstream can be recovered using known techniques. 

Purified forms of these antibodies can, of course, be readily 
prepared by standard purification techniques, preferably 
including affinity chromatography with Protein A, anti- 
immunoglobulin, or the antigen itself. In any case, in order 
15 to monitor the success of immunization, the antibody levels 
with respect to the antigen in serum will be monitored using 
standard techniques such as ELI S A , RIA and the like. 

For some applications only the variable regions of 
the antibodies are required. Treating the polyclonal 
20 antiserum with suitable reagents so as to generate Fab' , Fab, 
or F(ab") 2 portions results in compositions retaining fully 
human characteristics. Such fragments are sufficient for 
use, for example, in immunodiagnostic procedures involving 
coupling the immunospecif ic portions of immunoglobulins to 
25 detecting reagents such as radioisotopes. 

Alternatively, immunoglobulins and analogs with 
desired characteristics can be generated from immortalized B 
cells derived from the transgenic animals used in the method 
of the invention or from the rearranged genes provided by 
30 these animals in response to immunization. 

Thus, as an alternative to harvesting the 
antibodies directly from the animal, the B cells can be 
obtained, typically from the spleen, but also, if desired, 
from the peripheral blood lymphocytes or lymph nodes and 
35 immortalized using any of a variety of techniques, most 

commonly using the fusion methods described by Kohler and 
Milstein Nature 245:495 (1975) The resulting hybridomas (or 
otherwise immortalized B cells) can then be cultured as 
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single colonies and screened frv>- 

the desired specificity As T I " Mibaai « « 

■ the entity. For exa „ ple , as "'he " 

..; ««. a sandwich M „ vherei „ the ^ 
hybrid™, supernatant is bound both ,„ . 
antihu„a„ constant region can^p £T TTt™ " 

: rr etuetrti? - -£r.«^. 

™: can be prepared' in' uant ^^T^*-"*""- ^ 

• ceus using conventional Jthods !L 1 ™ ort «"« B 

V to produce ascites tl uid. ZTt'i cat " *" ViVO 

-ociona: antibody Preparat o 1 ullrt " SUl " n9 
the case of serum s ( B , a . . burdensome that in 

i serum since each immortal i 

M °"ly a single type of antibodv t * Wl1 SeCTete 

purification k • antlbod y- m any event, standard 
I Kvrirication techniques to isolate *-k 

■■ ; —ins in tbe cuiture J^Z ?J%£? <"» — 

*> ceus derived ,ro» tbe a„L,T " °' i "»°»»*«d » 

used as , ,„.,„. ~_ "~" ™ "»<>"■".«. cells can be 

" loci for subset ™^ ""7 Ch " in "** 

«earra„,ed antlLy Zs can bl " 9e "" iC -" ipU1 " 1 °»- 
•PPropriate b^s to'p due "c^ "f" I""^ 
» cnain constant region can be e„c„,„,.I ^ 0,?"" 

>° cosbination. can L e 1 " '1 ^ 

available, design of analoos' T ^"'^ " t * ti ' 1 is 

hoth tbeir a M Jty VST^ tl7^T2t 

human characteristics, is strain/ lr 

straightforward. 

-sorted into egression systems v^™ 
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can be transfected into standard recombinant host cells. As 
described below, a variety of such host cells may be used; 
for efficient processing, however, mammalian cells are 
preferred* Typical mammalian cell lines useful for this 
5 purpose include CHO cells, 293 cells, or NSO cells. 

The production of the antibody or analog is then 
undertaken by culturing the modified recombinant host under 
culture conditions appropriate for the growth of the host 
cells and the expression of the coding sequences. The 
10 antibodies are then recovered from the culture. The 

expression systems are preferably designed to include signal 
v peptides so that the resulting antibodies are secreted into 

the medium; however, intracellular production is also 
:y ' possible. 

15 1 In addition to deliberate design of modified forms 

of the immunoglobulin genes to produce analogs, advantage can 
i ; be taken of phage display .techniques to provide libraries 
containing a repertoire of antibodies with varying affinities 
for the desired antigen. For production of such repertoires, 

20 it is unnecessary to immortalize the B cells from the 

m immunized animal; rather, the primary B cells can be used 
directly as a source of DNA. The mixture of cDNAs obtained 
from B cells, e.g., derived from spleens, is used to prepare 
an expression library, for example, a phage display library 

25 transfected into £. coJi. The resulting cells are tested for 
immunoreactivity to the desired antigen. Techniques for the 
identification of high affinity human antibodies from such 
libraries are described by Griffiths, A.D., et a J . , EMBO J 
(1994) 12:3245-3260; by Nissim, A., et al . ibid, 692-698, and 

30 by Griffiths, A.D. , et al . , ibid, 12:725-734. Ultimately, 

clones from the library are identified which produce binding 
affinities of a desired magnitude for the antigen, and the 
DNA encoding the product responsible for such binding is 
recovered and manipulated for standard recombinant 

35 expression. Phage display libraries may also be constructed 
using previously manipulated nucleotide sequences and 
screened in similar fashion. In general, the cDNAs encoding 
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heavy and light chain are independently sm,m ■ * 

The ph. g e library is the „ „ P «« ll6 »"-y. 

-education to f „ . desired analog can the „ ^ 

individu.ls. i.e. , ro , individuals !h.T ! 

as described in Burton „ R !! , • i »" u ""«" 

ss = 3175 - 31 ;:: ^^ft^: 

it has been necessary to g enerat. synthetic Hsr^r" """^ 
III c.F., et al Pmr M * , x llc -libraries (Barbas 

.4.1. cr neri V eff^^f^^ 

to Prepare Ubrarie ^ ^Tutcf M ' 19, - 1 " ) " 

signer autoimmune patients 
(Rapoport, b. ( et al., iMBJmol^a^ (1995) 16 43 4 \ 

Portolano, s., et al 7^1 ^ 16.43-49, 

Vogel M et al I" < 1993 > 151:2839-2851, and 

9 ' M -' et al " £ ur J- TTnTnnnol^ (1994) 24-l200-.,n7. 
normal individuals, i.e. naive libraries (^f"^ ! 5 " 
al., EMBC^ (1994) 1 3 :3245 _ 3260 , G J J J s Td t " 
2IB0i (1993, 12:725-734, Persson MA a ' 6t al " 

» (199. -; ri e f : h ; *~ 

Curr. onin t- 1 ( u " IlthS ' ' 

— - — - — S. 263-267, Hoogenboom, H.R et 

•1;. J^ Hol. BioU (1992) 227:381-388, Lerner R a et ' V 
Science (1992) 25fi-nn , 4l< r ' R ' A - ' et 

992, 258.1313-1314, and Nissin, A., et al., EMBO 3. 



WO 96/33735 



PCT/DS96/05928 



(1994) 13:692-698. Typically, high affinity antibodies to 
human proteins have proven very difficult to isolate in this 
way. As is well known, affinity maturation requires somatic 
mutation and somatic mutation, in turn, is antigen driven. 
5 In the XenoMouse, repeated immunization with human proteins 
will lead to somatic mutation and, consequently, high 
affinity antibodies. The genes encoding these antibodies can 
be readily amplified by PCR as described in Marks, J.D., et 
al., J. Mol. Biol. (1991) 581-596 and immunospecif ic 
10 antibodies isolated by standard panning techniques, Winter, 
G., et al., Annu. Rev. Immunol . (1994) 12:433-55 and Barbas 
III, C.F., et al., Proc. Natl. Acad. Sci. USA (1991) 88:7978- 
7982. 

As above, the modified or unmodified rearranged 

15 loci are manipulated using standard recombinant techniques by 
constructing expression systems operable in a desired host 
cell, such as, typically, ,a Chinese hamster ovary cell, and 
the desired immunoglobulin or analog is produced using 
standard recombinant expression techniques, and recovered and 

20 purified using conventional methods. 

The application of the foregoing processes to 
antibody production has enabled the preparation of human 
immunospecif ic reagents with respect to antigens for which 
human antibodies have not heretofore been available. The 

25 immunoglobulins that result from the above-described methods 
and the analogs made possible thereby provide novel 
compositions for use in analysis, diagnosis, research, and 
therapy. The particular use will, of course, depend on the 
immunoglobulin or analog prepared. In general, the 

30 compositions of the invention will have utilities similar to 
those ascribable to nonhuman antibodies directed against the 
same antigen. Such utilities include, for example, use as 
affinity ligands for purification, as reagents in 
immunoassays, as components of immunoconjugates, and as 

35 therapeutic agents for appropriate indications. 

Particularly in the case of therapeutic agents or 
diagnostic agents for use in vivo, it is highly advantageous 
to employ antibodies or their analogs with fully human 

- 13 - 
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characteristics. These reagents avmH *k , . 

relu t in ^ " " hU - a " i »" ""bodies ac not 

result ln reagents with fully hlmM charecteristies T 
—Pie, =M. etic 8ntlbodies „ ith murine « « - jet 

. the h _ dimcun - = . te, ^ 

■'igm, cannot be manipulated without 
immunospecificity. witnout destroying 

Thus, the methods of the nr-onf • 
for the first ti«* i- , Present invention provide, 

e rirst time, immunoglobulins that are fullv n„ 
analogs which contain immunospecif ic r/ ^ 
characteristics. nos P^if ic regions with fully human 

the „ethods of the invention. These inl^ ' ' VaUable "» 
»-*- to. the foUovin, nonxuu", "Is" ' " *" 

leukocyte markers, such as CD2 CD3 rn, „ nc 

co D 2 7 ; c c D :; 7 CD1 d la : b ' c ' CDl3 ' cdi << c -< 'c ' CD6 ' 

2 ' ^ ltS Ugand - C ^8 and its ligands B7 ! * l2 

B7-, CD29 and its li gan d, CD30 and its lioand i ' ' 
«9.»- gp 39 , CD «, CD45 and isofor.s d „ ^ ^ 

antigen), CD56 , COSa, CD69 , CD72 , ^ 

histocompatibility antigens, such as MHC class 1 or 
II. the Lewis Y antigens, siex siev si.. - 

, £>iey, Slea, and Selb; 

aV/33, and pl50,95; and ' MaC-1 ' 
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the selectins, such as L-selectin, E-selectin, and 
P-selectin and their counterreceptors VCAM-1, ICAM-1, ICAM-2, 
. and LFA-3 ; 

5 \ interleukins , such as IL-1, IL-2 , IL-3, IL-4 , IL-5, 

IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14 , 
and IL-15;' 

interleukin receptors, such as IL-1R, IL-2R, IL-3R, 
10 ' IL-4R, IL-5R, IL-6R, IL-7R, IL-8R, IL-9R, IL-10R, IL-11R, IL- 
12R, IL-13R, IL-14R and IL-15R; 

v ' , 

chemokines, such as PF4 , RANTES, MlPla, MCP1, IP- 
y 1 10, ENA-7 8, NAP-2, Groa , Gro/3 r and IL-8; 
15 i 

}. growth factors, such as TNFalpha, TGFbeta, TSH, 

i ; VEGF/VPF, PTHrP, EGF family, FGF, PDGF family, endothelin, 
Fibrosin (FaF.j) , Laminin, and gastrin releasing peptide , 
(GRP) ; 

20 

■ i growth factor receptors, such as TNFalphaR, 

RGFbetaR, TSHR, VEGFR/VPFR, FGFR, EGFR, PTHrPR, PDGFR family, 
EPO-R, GCSF-R and other hematopoietic receptors; 

25 interferon receptors, such as IFNaR, IFN/3R, and 

IFN Y R; 

Igs and their receptors, such as IGE, FceRI , and 

FceRII; 

30 

tumor antigens, such as her2-neu, mucin, CEA and 
endosialin; 

allergens, such as house dust mite antigen, lol pi 
35 (grass) antigens, and urushiol; 

viral proteins, such as CMV glycoproteins B, H, and 
gCIIl, HIV-1 envelope glycoproteins, RSV envelope 

- 15 - 
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glycoproteins. „SV envelope glycoproteins . EBV envelooe 
g yooproteins. V 2 V, envelope glycoprotein , „PV 2 eZ. 
glycoproteins. Hepatitis fa»ily surface sn^oens" 

tMins ' sucn « Pseodomonas endotoxin and 
osteopont^uropontin, snake »„„, spider veno^"! bee 

10 co» P1 e": n °: itz::v7i« c :r* ent c3t - c °» pi — 

myelin associated g ro«h ^ ^ " 

enzy.es. such as cholesterol ester transfer 
Protein, „e»br«ne bound matrix »,etaIlo„r„ tanB '« 
" acid decarboxylase ,CAD) , and °'" aUOpr0 " as "' "° gl"a„ic 

miscellaneous antiaen* inri,,^ 
ganglioside 0„ 2 , „„, w , ^~^.««»«"-«- ™. 

PTHrp , eosinophil cationic ^TSScT'II d"^ 
» Type XV oonagen. Seated l^C^TrTJT^ 
glycoprotein and Fas (AFO-i, ' 

iai-u i) and oxidized-LDL. 

Particularly preferred immunoglobulins and aM , 
are those immunospecif ic wii-h ^ ^°«uins and analogs 

septic shock as well as autlt '""in, cachexia and 

^ i-noreactiv s w ° P r: r :::rr r tlbodies - 

. -active in treatin, or prevent luto^ntdtLT V 
addition, anti-g P 39 is helofm 4„ <- ase< ln 

disease in n™! «- • helpful ln treating graft versus host 
aisease, in preventing organ transplant reiection • 
treating glomerulonephritis Antibodf ^ ' a " d ln 

L-selectin are useful in treat ' 3031098 3gainSt 

r e n e ^ • • treating ischemia associated with 

reperf Uslon inDury . Antibodies to ■ 

~ - a Particular 
t™ or prevention of a ^ ^ 



- 16 - 



WO 96/33735 PCT/US 96/059 28 

associated with IL-8. Such conditions include, but are not 
limited to r tumor metastasis, reperfusion injury, pulmonary 
edema, asthma, ischemic disease such as myocardial 
infarction, inflammatory bowel disease (such as Crohn's 
5 disease and ulcerative colitis), encephalitis, uveitis, 

autoimmune diseases (such as rheumatoid arthritis, Sjogren's 
syndrome, vasculitis), osteoarthritis, gouty arthritis, 
nephritis, renal failure, dermatological conditions such as 
inflammatory dermatitis, psoriasis, vasculitic urticaria and 

10 allergic angiitis, retinal uveitis, conjunctivitis, 

neurological disorders such as stroke, multiple sclerosis and 
v meningitis, acute lung injury, adult respiratory distress 

syndrome (ARDS) , septic shock, bacterial pneumonia, diseases 
y 1 involving leukocyte diapedesis, CNS inflammatory disorder, 

15 1 multiple organ failure, alcoholic hepatitis, antigen-antibody 
complex mediated diseases, inflammation of the lung (such as 
i ! pleurisy, aveolitis, vasculitis, pneumonia, chronic 

bronchitis, bronchiectasis, cystic fibrosis), Behcet disease, 
Wegener's granulomatosis, and vasculitic syndrome. 

20 Typical autoimmune diseases which can be treated 

• » i using the above-mentioned antibodies and analogs include 
systemic lupus erythematosus, rheumatoid arthritis, 
psoriasis, Sjogren's scleroderma, mixed connective tissue 
disease, dermatomyositis , polymyositis, Reiter's syndrome, 

25 Behcet's disease, Type 1 diabetes, Hashimoto's thyroiditis, 
Grave's disease, multiple sclerosis, myasthenia gravis and 
pemphigus. 

For therapeutic applications, the antibodies may be 
administered in a pharmaceutical^ acceptable dosage form. 

30 They may be administered by any means that enables the active 
agent to reach the desired site of action, for example, 
intravenously as by bolus or by continuous infusion over a 
period of time, by intramuscular, subcutaneous, 
intraarticular, intrasynovial , intrathecal, oral, topical or 

35 inhalation routes. The antibodies may be administered as a 
single dose or a series of treatments. 

For parenteral administration, the antibodies may 
be formulated as a solution, suspension, emulsion or 

- 17 - 
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lyophilized powder in association with a nh„ 
a( ,___, + aVN , ■ Wltn a Pharinaceuticallv 

acceptable parenteral vehicle. if thea nfi . , . y 
for oral administration , h , antibody is suitable 

reference text in this field. ' standa « 

For prevention or treatment of disease th. 
appropriate dosage of antibody win a ° ' *° 

~h as tne pharmacodynamic cLi . ^.TtT" I""" 
-tihody. its ,ode and route of administration th PSrtlCUl " 
veiont, and health of the recipient ttlT ^ 
he treated and the severity ZT "* COnditi °" « 

freouancy o, treatment c °' th « c °»<""°». 

physioi^cai c ^s ;:: urr ; n : rr ana th * 

^tended to i?E trate hot not ^STT TZZl 

- - -r:i x r::;„r e ; ssn x — - - 

the XenoMouse- is found in th. k etailed desc ription of 

n the afa ove referenced ppt 
application WO 94/02602 t»,„ ed PCT 

to each antigen ar . cri Z T^lT Pr ° tOC ° 1S 

sera of the imDUni2ed £ u ! ^ 
from immortalized B cells) were titrat I T 

human antibodies in each Lll SP6Cific 
in this format the antic " USln9 3 

Mobilized on ; 0 1 ; r n:;:;^ r unizati on was 

washed and blocked and ll sZ ^s ^ 
as serial dilutions for l 2 7 SU P e " a tants, were added 

2 hours of incubation After 

con^ated to horseradish pero^se'^ " VlTZr 

::CT _ read S CIT^ST:^ "* 
microplate reader. g 

Unless otherwise noted, the antigen was coated 
using plate coating buffer ro i m 

y "er (O.i M. carbonate buffer, p H 9.6); 
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the assay blocking buffer used was 0.5% BSA , 0.1% Tween 20 
and 0.01% thimerosal in PBS; the substrate buffer used in 
color development was citric acid 7.14 g/1; dibasic sodium 
phosphate 17.96 g/1; the developing solution (made 
5 immediately before use) was 10 ml substrate buffer; 10 mg 

OPD, plus 5 ml hydrogen peroxide; the stop solution (used to 
stop color development) was 2 M sulfuric acid. The wash 
solution was 0.05% Tween 20 in PBS. 

10 

Example 1 
Human Antibodies Against Human IL-6 
Three to five XenoMouse™ aged 8-20 weeks were age- 
matched and immunized intraperitoneally with 50 human IL-6 

15 emulsified in incomplete Freund's adjuvant for primary 

immunization and in complete Freund's adjuvant for subsequent 
injections. The mice received 6 injections 2-3 weeks apart. 
Serum titers were determined after the second dose and 
following each dose thereafter. Bleeds were performed from 

20 the retrobulbar plexus 6-7 days after injections. The blood 
was allowed to clot at room temperature for about 2 hours and 
then incubated at 4°C for at least 2 hours before separating 
and collecting the sera. 

ELISAs were conducted as described above by 

25 applying 100 Ml/well of recombinant human IL-6 at 2 /ig/ml in 
coating buffer. Plates were then incubated at 4°C overnight 
or at 37 °C for 2 hours and then washed three times in washing 
buffer. Addition of 100 Ml/well blocking buffer was followed 
by incubation at room temperature for 2 hours, and an 

30 additional 3 washes. 

Then, 50 Ml/well of diluted serum samples (and 
positive and negative controls) were added to the plates. 
Plates were then incubated at room temperature for 2 hours 
and again washed 3 times. 

35 After washing, 100 ^l/well of either mouse 

antihuman m chain antibody conjugated to HRP at 1/2,000 or 
mouse antihuman k chain antibody conjugated to HRP at 
1/2,000, diluted in blocking buffer was added. After a 1 
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hour incubation at t-o^« + 

^•Lun at room temperature t-ho ro ^ + 

ti»es and developed with 0PD P J 1 S ^ washed 3 

Ml/well of stop solution was th e n J?/ 50 
.V on an ELISA plate reader a 4 nJn ! ^ — 

5 resulting from the titraJ ^dilution curves 

-actions are ^ ' 

Production of anti-xw imlnorlt" ^ ^ 3 *" 
antihuman u detectable at serun df1 ant ^»an , and 

at seruiD tiilutxons above 1:1,000. 

10 

' Example g 

Human &n+-iK^.j r » i 

; 5 against H) MJ1 Tnrn 

v ■ <« per injection, vas u d h ™" h ""»"»'" ™ F „ 

I «?« initial coatino of th. elis. !, ! " ,C * pt that 

ine dilution curves f^»- ~ 

«ter . inductions obtainL , ' " X « n °»°»»- 

« significant titers of n™ ln FlgUre 4 ' 

titers of human anti-TNFo hin#>.i_ 

serum titers for hy hu Ind h * ShOWn ' 
ionizations of the XenoMouse- are ^ ^ J™ - 
challenge, with TNF-q , the XenoM use' switch" " 
a predominant l gM response in the first 1S ° tyP6S 
25 immune response with a laral , T »»""«ion to an 

ionization * ^ C0 ^ 0 ^ i» the second 
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TABLE 2. Anti TNF-atpha serum titer responses of Xenomouse-2 . 
Bleed 1: after 2 immunizations 



Bleed 2: after 3 immunizations 



V. 



15. 



20 









ELISA 










Serum titers 








Specific for TNF-alpha 






titer 


titer 


titer 




XM2 


(via hy) 


(via hfi) 


(via rur) 


1 


bleed 1 


DUU 


J.UUU 


1 'iOO 




bleed 2 


10,000 


8.000 


15,000 


2 


bleed 1 


Oft A 




uuu 




bleed 7 


2700 


5.000 


1.000 


3 


bleed 1 


<500 


o nnn 
z.uuu 


1 «i00 




UICCU & 


15,000 


24.000 


25.000 


A 


bleed 1 


£ Art 

500 


2,000 


1 ^nn 






70,000 


4.000 


72,000 


5 


bleed 1 


<500 




1 ^nn 




UICCU 


1 .000 


10,000 


7.000 




6 


bleed 1 


1.000 


1 3.UUU 


z ^nn 




UICCU X. 


10.000 


24,000 


25.000 




7 


bleed 1 


<500 


o con 


1 *>nn 




UICCU ^ 


5.000 


4,000 


9.000 


8 


bleed 1 


<500 


4 Ann 
l.UUU 


^nn 




UfccU Z 


2.700 


5.000 


9.000 


9 


bleed 1 


200 


6.000 


4.000 




UICCU *. 


40.000 


80.000 


80.000 


10 


bleed 1 


200 


2.000 


500 




bleed 2 


15.000 


8.000 


60.000 


11 


bleed 1 


1.500 


1.000 


1,500 




bleed 2 


24.000 


2.700 


72.000 


12 


bleed 1 


200 


2.000 


1.000 




bleed 2 


10.000 


4.000 


25.000 


13 


bleed 1 


500 


30.000 


500 




bleed 2 


2.000 


4.000 


i 12.000 



- 21 - 



WO 96/33735 

; PCT/US96/05928 

Examp le, i 

The human CD4 antigen uaT prec.r.,4 , 
protein usin, hu „ a „ fl transfee^ * S " rfaCe 

^ .oil— . Human cw , consists of t h reC °"' bi '' ant «"» « 
- . the transmembrane ™£ —in of 

domain corresponding to residues 31 . u M "° <*"Pl-»ic 
chain of the c D3 cc„p le :, CDJ ? 

described in Roberts « „,' ' ^ ' •» 

10 introduced into the ret I ^ U " 4 ' 84:2878 uas 
ascribed , cal^n, r *T P^" 1 ' 
<»»> 2C= 34 usin, tn. Kat f^^^c^ 
described by riner et T Bio d "" Ci ^ '""eduction 
2 «3 cens at 10' cells per' j^f ' 19S< ' ^ 

» * «* res (oibco, M i r„ ? Tt CUUUred in 750 « "*»■ 
of. provrral supernatant for 2 „ours at „. e \ T' ^ 
of medium „, s reBoved an(J " C, 5. CO,, one .1 

retroviral supernatant were added I " teCtl °" " ediu » *"d 
cultures incubated overn g ht 1 c T ™ - th6 

» expanded in DM£W . + m ™» «"« "ere washed .„„ 

available for sorbin,. The c D ,\ f Uf " 0i "" were 
«re sorted usin, the FACSTAfi plus L^T'IT'' RBL " 2H3 
"Us were stained for hu„a„ CD4 with a nou ^^" S ^^ ' *" 
PE antibody and the too 2-34 . antihu.an CD4 

I-»l»ti£ we cotul d" 9 M11S 
■*a»ple 1 usin, rII 10 , " conducted as described in 

P ri.ary i„ je ctL V^lZsZ".'^ ^ 
The .ice received . inactions M C^^T V 
Prepared and an.ly Z ed by elisa .. „ • '""* 
0 -apt that the ^J^VZ^^ ' 

100 „i per well of recombinant soluM. 004 at , U " li " <i 
coatin, buffer. The titration curve for " 9/ " 1 ° £ 

nrLSS.-^ - Titers 



- 22 - 



WO 96/33735 PCT/US96/05928 

Example 4 

Human Antibodies Against Human L-selectin 
The antigen was prepared as a surface displayed 
protein in C51 cells, a high expressing clone derived by 
5 transfecting the mouse pre-B cell 300.19 with LAM-1 cDNA 

(LAM-1 is the gene encoding L-selectin) (Tedder, et al . , J_s_ 
Immunol (1990) 144 :532) or with similarly transfected CHO 
cells. The transfected cells were sorted using fluorescent 
activated cell sorting using anti-Leu-8 antibody as label. 

10 The C51 and the transfected CHO cells were grown in 

DME 4.5 g/1 glucose with 10% FCS and 1 mg/ml G418 in 100 mm 
dishes. Negative control cells, 3T3-P317 (transfected with 
gag/pol/env genes of Moloney virus) were grown in the same 
medium without G418. 

15 Primary immunization was done by injection 

subcutaneously at the base of the neck; subsequent injections 
were intraperitoneal. 70-100 million C51 or transfected CHO 
cells were used per injection for a total of five injections 
2-3 weeks apart. 

20 Sera were collected as described in Example 1 and 

analyzed by ELISA in a protocol similar to that set forth in 
Example ■ 1 . 

For the ELISA, the transfected cells were plated 
into 96 well plates and cell monolayers grown for 1-2 days 

25 depending on cell number and used for ELISA when confluent. 
The cells were fixed by first washing with cold l x PBS and 
then fixing solution (5% glacial acetic acid, 95% ethanol) 
was added. The plates were incubated at -25°C for 5 minutes 
and can be stored at this temperature if sealed with plate 

30 sealers. 

The ELISA is begun by bringing the plates to room 
temperature, flicking to remove fixing solution and washing 5 
times with DMEM medium containing 10% FCS at 200 pi per well. 

The wells were treated with various serum dilutions 
35 or with positive or negative controls. Positive control 

wells contained murine IgGl monoclonal antibody to human L- 
selectin. 
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The wells were incubated for 4* • 
-nolayer i„te g rit y MB checked ^°7^~ 
«lls were then i„ CU bated wit „ """'cop.. The 

'. Example 1. The plates were thl s Wlth HRP descnbed in 

again Vith PBS an p d roono ; ; ; - 1% BSA/PBS and 

Plates were developed ./ inte 9"ty „ as checked. The 

. and 7; hu.an antibodies both to L .1 I ri9U " S 6 

cell, were obtained. However the """^ " 3 

<or the ^-selectin-exp r . s :;: g r ' c :^ S ;™ « 
3T3 cells. These . 9 " <=°»P«ed to parental 

antibodies specific ,1 , T >Ia "= M — * Ponces 
, re,io„a and LT. [l^ZlZT ^ » 

The antisera obtained fr-™ «-w • 

were also tested for stainino , ! lnUDUni2ed XenoMouse" 

. express L - se iecti„. £ n ^ ^ — P^* which 

follows: neutrophils w ere prepared as 

peripheral blood was collected fr„. 

100 u„its /n i heparin. AboUt 3 ^ b 7» al VCl " with 
equal volume of One-step Po J ! W " lay6red OVer a " 

Chemical, westbury NvTand " (ACCU " te 

™-C The neutrophil r ctioTw" " '< « 5 ° * • ■* 

in DPBS/2% FBS. removed and washed twice 

The neutrophils were then stained with either- 

-is .eJeX^e^r^'" 

(2) as a negative control 
XenoMouse- immunized with cell" antlSerU * fro » • 

with cells expressing human gp 39 . 

PACS. T he T rI SU S i:; n f e o d ; ^ » 
Figure 8. 9ntlSerUm fro » *-°Mou 5 e» ar. shown in 

i-nized ^Z^^:^ « ^ 

chains i-noreactive : :::^ c C t °;r in Th fUlly ^ "** " 

^ selectin. Tne negative control 
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antiserum from mice immunized with gp39 does not contain 
antibodies reactive against human neutrophils. 

Example 5 

5 \ Human Antibodies Against Human qp39 

gp39 (the ligand for CD40) is expressed on 
activated human CD4 T cells. The sera of XenoMouse* 
immunized with recombinant gp39 according to this example 
contained fully human antibodies immunospecif ic for gp39. 
10 »" i The antigen consisted of stable transf ectants of 

300.19 cells or of CHO cells expressing gp39 cDNA cloned into 
* the mammalian expression vector PlKl.HUgp39/IRES NEO as shown 
in Figure 9. CHO cells were split 1:10 prior to transf ection 
\ in DMEM 4.5 g/1 glucose, 10% FBS , 2 mM glutamine, MEM, NEAA 
15 I supplemented with additional glycine, hypoxanthine and 

' thymidine. The cells were cotransf ected with the gp39 vector 
i ; at 9 M9/10 cm plate (6 x 10 s cells) and the DHFR expressing 
vector pSV2DHFRs (Subranani et al., Mol Cell Biol (1981) 
9:854) at 1 jig/ 10 cm plate using calcium phosphate 
20 transf ection. 24 hours later the cells were split 1:10 into 
■ »i the original medium containing G418 at 0.6 mg/ml. Cells 
producing gp39 were sorted by FACS using an anti-gp39 
antibody. 

Mice grouped as described in Example 1 were 
25 immunized with 300.19 cells expressing gp39 using primary 

immunization subcutaneously at the base of the neck and with 
secondary intraperitoneal injections every 2-3 weeks. Sera 
were harvested as described in Example 1 for the ELISA assay. 
The ELISA procedure was conducted substantially as set forth 
30 in Example 1; the microtiter plates were coated with CHO 

cells expressing gp39 grown in a 100 mm dish in DMEM, 4.5 g/l 
glucose, 10% FCS, 4mM glutamine, and nonessential amino acid 
(NEAA) solution for MEM (100X) . On the day preceding the 
ELISA assay, the cells were trypsinized and plated into well 
35 filtration plates at 10 s cells/200 jil well and incubated at 
37°C overnight. The positive controls were mouse antihuman 
gp39; negative controls were antisera from mice immunized 
with an antigen other than gp39. 50 /il of sample were used 
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for each assay. The remainder of the assav i 

in Example i. SSay 15 as described 

The dilution curves for the sera ■ , 
injections from mice immunized with L,l ******* 
cells are shown in Figure 2 h °" CH0 

-tihuman gp39 i^unospeci L t ! ^7' ? ""^^ 
anti-human , and anti-Lan " III ' ^ 

HRP. ln antibodies coupled to 

Examp le a 

*.no, lce iMuni2ed „ ith t * ™. ' C6US £r °" 

protocol was si.ilar t, ,„ . "Munition 

tetanus toxin e^sMl '°™ *" E "" Ple 1 «• 

n emui sified in complete Freunrt/ e ^- 

intraperitoneal primary immunization folWd h ' UVant 
intraperitoneal injection. ■*„ foli °"ed .by subsequent 

incomplete -^^^ i : it,l i r2- ^ 
injections 2-3 weeKs apart ""^ 3 t0tal of « 

c (anti- TT ; f tri c ::t p :i::: 7^;^ of 

antigen in PBS was g ive 4 \ s '^"^T 10 ? ^ °' 
sacrificed and the sDl ee n C animals were 

a the spleens were harvested for fusion. 
The spleen cells were fused w^h 
P3X63- A g 8 .S53 as described by Ga i fre C 7 " 

Pen/strep for «tL" ^ 
Plated in microtiter plates and ! " """^ W6re 

supplemented medium for two and * aintained in »AT- 
supplemented mediu! /"u^^T" T"" " 
hybridomas were collected fo WellS COntai "-* 

ELISA. r 3 Prin,ary scree n using an 

The ELISA was conducted as descriho* < r- 
wherein the antigen coatinn • describe <> « Example 1 

tetanus toxin c (Sc) or' ° f 10 ° ^ /We11 ° f 

(TTC) protein at a ,g/ml in coating buffer, 
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TABLE 1. AntiPTHrp serum titer responses of Xenomouse-2 . 

First bleed after 2 immunizations with either PTHrp-BTG conjugate 



10 



15 



20 



25 



XM2 


Human Responses 


PTHrp-BTG 

V>Oil|UL]alC 


titer 
(via hy) 


titer 
(via bp) 


titer 
(via h*r) 


1 


<30 


850 


100 


2 


<30 


"3 AAA 
3.000 


en 


3 


<30 


"7 AAA 
7,000 


i AAA 

i ,000 

• 


4 


<30 


O AA 

800 


200 


5 


<30 


A A A 

400 


AA 

90 


I 6 


<30 


500 


C A 

50 


7 


<30 


300 


CA 

50 


XM2 
PTHrp-MAP 


titer 
(via hp) 


titer 
(via h/t) , 


titer 
(via h*) 


1 


<30 


1,000 


50 


2 


<30 


2.500 


300 


: 
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150 


1.000 


270 
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100 


2.500 


300 
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<30 


1.000 


150 
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<30 


4.000 


800 



30 



35 



Example 8 
Human Antibodies Against Human IL-8 

Immunization and serum preparation were as 
described in Example 1 except that human recombinant IL-8 was 
used as an immunogen. 

ELI SA assays were performed with respect to the 
recovered serum, also exactly as described in Example 1, 
except that the ELISA plates were initially coated using 100 
Ml/well of recombinant human IL-8 at 0.5mg/ml in the coating 
buffer. The results obtained for various serum dilutions 
from XenoMouse™ after 6 injections are shown in Figure 14. 



- 29 - 



WO 96/33735 

PCT/US96/05928 

Human anti-iL-g bind' 

hav lng conc e ntrat ion : n h 9 ig W h a e S r a t 9 han ^ " ^ 
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5. 

Examp le o 

, weeks old veTL° 0 IT LT""^'' » to „ 

0 aeration. Xma J^. ™l 

• » -9 =f human recombinant-"- T^"" '"""'"""""y with 
, «I ..ulsi ti ed in <* "source international, „, 

'» the pri „ar y immunization ! """" «»»• Si **» 

,. ■ with, the antigen incorporated injeCU ° nS 

1 adjuvant (i FA , S1(JM) _/ " te<i l "« ^complete Preund's 

I hybridoma generation a f l^T**' " SPlMn d0nors <°r 

, , buffer saline (ras) uas glve „ * " ""W Phosphate 

seres, titers of im»u„i 2 e a "J be,ore th « felon. 

after a secondary dose of ant" 

following every antigen dose '"«• 
to 7 days after the ini^-i " ere Performed 6 

oulb.r Plexus. Blood C a™o S ; e d by " ,edi " 5 

for about 2 hours and then ! ° 1 ° t " r °°" temperature 

— —e -^rsx-r.s: - least 2 

SgneraUaa of h^bridgaas 

immuniaed ^"gen. t,^^ WeVl ° USly 
myeloma cells transfeoted with , T "°" Secret ory "SO 
*» «. , t .,, a^JSl^J S °- bCl2 > - 'escribed 

Briefly, the fusion w^^ttff^ a ' 3 ""' (1981 »- 
cells and myeloma cells at , ° ""^ 8W «« 
Pelletin, them by centrifuoat " "' 

removal of the «~ 

of SO, PES/DMSO (polyethylene gly ^nT"" 1 " 

Sigma, „ hicn uas a(jded " „ ™ 15 ° 0 ' 10i BHSO, 

incubated for one „i„ ota , M ' the mixture "as further 

- - ■ -utas a„d^;„tr;:;- - - 
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over 3 minutes. The process was performed at 37 »C with 
continued gentle stirring. After fusion the cells were 
- resuspended in DMEM, 15% FCS, containing HAT, and 

supplemented with L glutamine, pen/ strep, for culture at 37 
5 »c and 10% C02 in air. Cells were plated in flat bottomed 96 
well microtiter trays. Cultures were maintained in HAT 
supplemented media for 2 weeks before transfer to HT , 
supplemented media. Cultures were regularly examined for 
hybrid cell growth, and supernatants from those wells 
10 , containing hybridomas were collected for a primary screen 
analysis for the presence of human m# human gamma 2, and 
human kappa chains in an antigen specific ELISA as described 
above. Positive cultures were transferred to 48 well plates 
V and when reaching confluence transferred to 24 well plates. 
15 | supernatants were tested in an antigen specific ELISA for the 
• presence of human human gamma 2, and human kappa chains. 
: 1 As shown in Table 3 several hybridomas secreting 

fully human monoclonal antibodies with specificity for human 
IL-8 have been generated from representative fusions. In all 
20 of these human monoclonal antibodies the human gamma-2 heavy 
1 chain is associated with the human kappa light chain. 
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their dissociation constants ° " °" aM 

BIAcore instrument <P n ar»acia ' Til""' """^ °" 

pl.s„o„ resonance to assure the *? „ instru '» e "' : «•« 

antigen-coated gold chip. 5 ° f <>"«>>°dy to an 

BJAcore reagents and instruction- 

s U r f acta„t T p;o B ":d 0r t e ,,e nStrU " ent ' ™ ~" < hi >- 
hydro* y succi„i„ lde iZ> TJ7 Hn9 kU COn " inln9 
cartodi^de and ^^^.^rSr 1 '" 
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Pharmaicia Biosensor. Immobilization of human recombinant 
IL-8 onto the sensor surface was carried out at low levels of 
antigen density immobilized on the surface and was performed 
according to the general procedures outlined by the 
5 manufacturers. Briefly, after washing and equilibrating the 
instrument with HEPES buffer (HBS; 10 mM HEPES , 150 mM Nad, 
0.05% surfactant P20, pH 7.4) the surface was activated and 
IL-8 immobilized for the subsequent binding and kinetic 
studies. The sensor surface was activated with 5 |il of a 

10 mixture of equal volumes of NHS (0.1 M) and EDC (0.1 M) 

injected at 10 ^il/miri across the surface for activation, then 
5 m1 of the ligand (human recombinant IL-8) at 12 jig/ml in 5 
mM maleate buffer, pH 6.0 was injected across the activated 
surface, and finally non-conjugated active sites were blocked 

15 with an injection of 35 pi of 1 M ethanolamine. The surface 
was washed to remove non-covalently bound ligand by injection 
of 5 jil 0.1 M HCI. All the immobilization procedure was 
carried out with a continuous flow of HBS of 10 ^l/min. 
About 100 resonance units (RU) of ligand (82 and 139 RU, in 

20 separate experiments) were immobilized on the sensorship, 

(according to the manufacturers 1,000 RU corresponds to about 
1 ng/mm 2 'of immobilized protein) . 

These ligand coated surfaces were used to analyze 
hybridoma supernatants for their specific binding to ligand 

25 and for kinetic studies. The best regenerating condition for 
the analyte dissociation from the ligand in these sensorships 
was an injection of 10 /il 100 mM HCI with no significant 
losses of binding observed after many cycles of binding and 
regeneration. 

30 

Determination of the dissociation, and association rates and 
the apparent affinity constants of fully human monoclonal 
antibodies specific for IL-8. 

The determination of kinetic measurements using the 
35 BIAcore in which one of the reactants is immobilized on the 

sensor surface was done following procedures suggested by the 
manufacturers and described in Karlsson et al. "Kinetic 
analysis of monoclonal antibody-antigen interaction with a 
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new biosensor based analytical c» „ 

^ 229 . Brieny tL slnol " ^ 
two molecules a and b is descrabL k inte " Cti - ^tween 

Crib6d by the f ^l-in Q equation> 
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? ■-* — - »~ ™r:/rrr - 
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TABLE 4 : Kinetic constants of fully human monoclonal 
antibodies (lgG2, kappa) derived from XenoMouse'" Il-a with 
specificity to human IL-8 , determined by BlAcore. 
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Methods for isolation of human neutrophils and assays for 

15 antibody activity 

The primary in vivo function of IL-8 is to attract 
and activate neutrophils. Neutrophils express on their 
surface two distinct receptors for IL-8, designated the A 
receptor and the B receptor. In order to determine whether 

20 the fully human antibodies could neutralize the activity of 

IL-8, two different in ^'itro assays were performed with human 
neutrophils. In one assay, the ability of the antibodies to 
block binding or radiolabeled IL-8 to neutrophil IL-8 
receptors was tested. In a second assay, the antibodies 

25 were tested for their ability to block an IL-8-induced 

- 35 - 



KWTCin <WO ©633735A1 1 > 



>0 



WO 96/33735 

PCT7US96/05928 

neutrophil response, namely the uor. , 
-c-1 on the neutrophil surface 21"^ " ^ 
Polypeptide chains, cDlib and CD18 ' " C °" P °' -d ° f tVo 
5 " B * lbodl - are »«- ^r itS detection ^ 

Isolation of neutrophils: 

Human neutrophils are i 
drawn blood or buffy coat hu-»"ki fr ° m * lth " r freshiv 

venipuncture into sterile tub " " C ° lleCted * 

3 - ohtained from S^ ^^^ -«X coats 

centrifuoino anticoagulated blood "n", * PrePared bv 

at 2600 * g for io min at "-a wL j 00 ^ PlaStic 
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B-tech). The tubes are ce y n e t r ri ° f f u Fi ri C ° n - Pa ^e «« (Pharmacia 
-•C with bra ke off. The ~ a ^ ** -r 20 min at 
•t the. interface, and the layer ab —""clear cells 

carefully withdrawn. To como! , ^ P6llet are 

cells,, the cell pellet contaLL! ^ —clear 

erythrocytes is r.^^^""^- «- 
«to clean 50-ml tubes. The ^ ^ tra ^ferred 
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essential amino acids i « , n *~ merca P th °ethanol , ix non- 

« a tensity of „ 10 , ^^r^" ^ " * 
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containing 0.1% bovine serum albumin and 0.02% NaN 3 ) , at a 
density of 6x10° cells/ml. 

!.'. IL-8 receptor binding assay: 
5 Multiscreen filter plates (96-well, Millipore, MADV 

N6550) were pretreated with a PBS binding buffer containing 
0.1% bovine serum albumin and 0.02% NaN 3 at 25°C for 2 hours. 
A final volume of 150 jxl, containing 4xl0 5 neutrophils, 0.23 
. nM [ 12 -I ]-human-IL-8 (Amersham, IM-249) and varying 
10 ' concentrations of antibodies made up in PBS binding buffer, 
was added to each well, and plates were incubated for 90 min 

V at 4°C. Cells were washed 5 times with 200 Ml of ice-cold 
PBS, which was removed by aspiration. The filters were air- 

V ' dried, 3.5 ml of scintillation fluid was added (Beckman Ready 
15 1 Safe) and filters were counted on a Beckman LS6000IC counter. 

The data obtained is presented as % specific bound [I l25 ]-IL- 
' ' 8, which is calculated as the cpm in the presence of antibody 
divided by the cpm in the presence of PBS binding buffer only 
and multiplied by 100 (Figure 15) . All six of the human 
20 anti-IL-8 monoclonals tested blocked IL-8 binding to human 
M neutrophils. 

Neutrophil CDllb (Mac-1) expression assay: 

Human IL-8 at a final concentration of 10 nM was 

25 preincubated with varying concentrations of monoclonal 
antibodies at 4°C for 3 0 minutes and at 37 °C for an 
additional 30 min. Neutrophils (4xl0*/vell) were exposed to 
IL-8 in the presence or absence of antibodies at 4°C for 90 
min, and incubated with PE-conjugated mouse-anti-human-CDllb 

30 (Becton Dickinson) for 45 min at 4°C. The cells were washed 
with ice-cold PBS containing 2% fetal calf serum. 
Fluorescence was measured on a Becton Dickinson FACscan cell 
analyzer. A mouse monoclonal antibody against human CDllb 
obtained from R&D System, Inc. was used as a positive control 

35 while the purified myeloma human IgG2 (Calbiochem) was used 
as a negative control in the experiments. The expression 
levels of CDllb on neutrophils were measured and expressed as 
the mean fluorescence channel. The mean fluorescence channel 
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"erived for. the „e g ative control anrih * 
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TABLE 5: Inhibition of CDllb 

* »o„oo lonaJ .-uSt^-^il. 

Concentration (nAf) i„u . 

IUW1 ' Inhibition of CDllb 

expression {%) 

100 
100 
60 
100 
10 
100 
0 
0 



30 Background of CDllb expression is 67o , " " 
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Sequence analysis of Immunoglobulin transcripts derived from 
anti-hIL-8 hvbridomas. 

All sequences were derived by direct sequencing of 
PCR fragments generated form RT-PCR reactions of RNA prepared 
5 from hybridomas Dl.l, K2 . 2 , K4.2 and K4 . 3 , using human V x and 
human V, family specific primers (Marks et. al. 1991; Euro J. 
Immunol 21;985-991) and a primer specific for either the 
human gamma 2 constant region (MG-40d; 

5 9 GCTGAGGGAGTAGAGTCCTGAGGACTGT-3 ' ) or human kappa constant 

10 region (HKP2; Green et al 1994; Nature Genetics 7: 13-21)). 
In Figure 16 A-H, both strands of the four clones were 
sequenced and analyzed to generate the complete sequence. 
All sequences were analyzed by alignments to the "V BASE 
sequence directory", Tomlinson et al . , MRC Centre for Protein 

15 Engineering, Cambridge, UK. The variable and joining regions 
are indicated by brackets []. Nucleotides containing an "N" 
indicate' uncertainty in the generated sequence. 

Based on sequence alignments with sequences found 
in the V-base database the heavy chain transcript from 

20 hybridoma Dl.l has a human V H 4-21 (DP-63 ) variable region (7 
point mutations were observed compared to the germline 
sequence), a human 21-10rc D segment, a human J H 3 joining 
region and a human gamma 2 constant region. See Figure 16A. 

The kappa light chain transcript from hybridoma 

25 Dl.l is comprised of a human kappa variable region with 

homology to V, 08/018 (DPK1) (16 point mutations were observed 
when compared to the germline sequence) a human J, 3 joining 
region, and a human kappa constant region. See Figure 16B. 

Based on sequence alignments with sequences found 

30 in the V-base database the heavy chain transcript from 

hybridoma K2.2 has a human V H 3-30 variable region (3 point 
mutations were observed compared to the germline sequence) , a 
human IR3rc D segment, a human J K 4 joining region and a human 
gamma 2 constant region. See Figure 16C. 

35 The kappa light chain transcript from hybridoma 

K2.2 is comprised of a human kappa variable region with 
homology to V k IV (B3; DPK24) (9 point mutations were observed 
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Biological Deposits 

yHIC contained in S. cerivisiae was deposited with 
. the American Type Culture Collection ( "ATCC" ) , 12301 Parklawn 
'.Drive, Rockville MD 20852, USA, on April 26, 1996, and given 

ATCC accession no- . The deposit of this YAC is 

for exemplary purposes only, and should not be taken as an 
. admission by the Applicant that such deposit is necessary for 

V enablement of the claimed subject matter. 

In respect of all designated States in which such 
• action is possible and to the extent that it is legally 
permissible under the law of the designated State, it is 

V requested that a sample of the deposited micro-organism be 
made available only by the issue thereof to an independent 

V expert, in accordance with the relevant patent legislation, 
I e.g., EPC rule 28(4), United Kingdom Patent Rules 1982 rule 
.■ 17(3), Australian Regulation 3.25(3) and generally similar 

' provisions mutatis mutandis for any other designated State. 
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CLAIMS 

1. A method to produce a human immunoglobulin or 
an analog thereof, specific for a desired antigen, which 
5 method comprises: 

administering said antigen or an immunogenic 
portion thereof to a nonhuman animal under conditions to 
stimulate an immune response, whereby said aJiimal produces B 
cells that secrete immunoglobulin specific for said antigen; 
10 wherein said nonhuman animal is characterized by being 

substantially incapable of producing endogenous heavy and 
light immunoglobulin chains, .but capable of producing human 
immunoglobulin; and 

recovering said immunoglobulin or analog. 

15 

2. The method of claim 1 wherein said recovering 
step comprises recovering polyclonal immunoglobulin or analog 
from said animal. 

20 3. The method of claim 1 wherein said recovering 

step comprises immortalizing B cells from said animal 
immunized with said antigen, screening the resulting 
immortalized cells for the secretion of said immunoglobulin 
specific for said antigen, and 

25 a) recovering immunoglobulin secreted by said 

immortalized B cells, or 

b) recovering the genes encoding at least the 
immunoglobulin from the immortalized B cells, and optionally 
modifying said genes; 

30 expressing said genes or modified forms 

thereof to produce immunoglobulin or analog; and 

recovering said immunoglobulin or analog. 

4. The method of claim 1 wherein said recovering 

35 step comprises: 

recovering genes encoding the immunoglobulins from 
the primary B cells of the animal; 
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12. A method to produce a fully human 
immunoglobulin or an analog thereof which method comprises 
culturing the cells of claim 11 under conditions whereby said 
encoding nucleotide sequence is expressed to produce said 

5 " immunoglobulin or analog; and recovering said immunoglobulin 
or analog. 

13. A DNA molecule which comprises a nucleotide 
■sequence encoding a human immunoglobulin with desired 

10. affinity prepared according to the method of claim 4. 

V 14. The DNA molecule of claim 13 wherein said 

encoding nucleotide sequence is operably linked to control 
y ' sequences capable of effecting its expression. 
15 l 

I 15. A cell or cell line modified to contain the 

, ; DNA molecule of claim 13. 

16. A method to produce a fully human 

20 immunoglobulin or an analog thereof which method comprises 
,, culturing the cells of claim 15 under conditions whereby said 
encoding nucleotide sequence is expressed to produce said 
immunoglobulin or analog; and recovering said immunoglobulin 
or analog. 

25 

17. An immortalized B cell which secretes a fully 
human immunoglobulin to a desired antigen prepared according 
to claim 3. 

30 18. A method to produce an immunoglobulin or 

analog which comprises culturing the cells of claim 17 and 
recovering said immunoglobulin or analog. 

19. A fully human immunoglobulin or analog 
35 produced by the method of claim 1. 
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the tumor antigen is selected from the group 
consisting of her2-neu, mucin, CEA and endosialin; 

the allergen is selected from the group consisting 
'. of house dust mite antigen, lol pi (grass) antigens, and 
5 • urushiol; 

the viral protein is selected from the group 
consisting of CMV glycoproteins B, H, and gCIII, HIV7I 
envelope glycoproteins, RSV envelope glycoproteins, HSV 
.. envelope glycoproteins, HPV envelope glycoproteins, Hepatitis 
10 4 family surface antigens; 

the toxin is selected from the group consisting of 
y pseudomonas endotoxin and osteopontin/uropontin, snake venom, 

spider venom, and bee venom conotoxin; 
V 1 the blood factor is selected form the group 

15 I consisting of complement C3b, complement C4a, complement C4b- 
.'• 9, Rh factor, fibrinogen, fibrin, and myelin associated 
1 'growth inhibitor; and 

the enzyme is selected from the group consisting of 
cholesterol ester transfer protein, membrane bound matrix 
20 metalloproteases, and glutamic acid decarboxylase (GAD) . 
■ * 1 

21. The immunoglobulin or analog of claim 14 
wherein said desired antigen is selected from the group 
consisting of human IL-6, human IL-8, human TNFa, human CD4 , 

25 human L-selectin, human gp39, human IgE, human aV03, human 
Fibrosin (FgF.J, human laminin, human PTHrp , and tetanus- 
toxin C(TTC) . 

22. A recombinant DNA molecule comprising a 

30 nucleotide sequence that encodes the immunoglobulin or analog 
of claim 19-21. 

23. The DNA molecule of claim 22 wherein said 
encoding nucleotide sequence is preferably linked to control 

35 sequences capable of effecting its expression. 

24. A cell or cell line modified to contain the 
DNA molecule of claim 23. 
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the interleukin is selected from the group 
consisting of IL-1, IL-2, IL-3, IL-4 , IL-5, IL-6, IL-7 , IL-8, 
IL-9, IL-10, IL-11, IL-12, IL-13, IL-14 , ad IL-15; 

the interleukin receptor is selected from the group 
5 consisting of IL-1R, IL-2R, IL-3R, IL-4R, IL-5R, IL-6R, IL- 
7R, 

IL-8R, IL-9R, IL-10R, IL-11R, IL-12R, IL-13R, IL-14R, and IL- 
15R, 

the chemokine is selected from the group consisting 
10 of PF4 , RANTES, MlPlct, MCP1 , NAP-2 , Groa , Gro/3, and IL-8; 

the growth factor is selected from the group 
consisting of TNFalpha, TGFbeta, TSH, VEGF/VPF, PthrP, EGF 
family, FGF, PDGF family, endothelia, Fibrosin (F a F.J , human 
Laminin, and gastrin releasing peptide (GRP) ; 
15 the growth factor receptor is selected from the 

group consisting of TNFalphaR, RGFbetaR, TSHR, VEGFR/VPFR, 
FGFR, EGFR , PTHrPR, PDGFR family, EPO-R, GCSF-R and other 
hematopoietic receptors; 

the interferon receptor is selected from the group 
20 consisting of IFNqR, IFN0R, and IFN7R; 

the Ig and its receptor is selected from the group 
IgE, FceRi, and FCeRII; 

tumor antigen is selected from the group her2-neu, 
mucin, CEA and endosialin; 
25 the allergen is selected from the group consisting 

of house dust mite antigen, lol pi (grass) antigens, and 
urushiol; 

the viral protein is selected from the group 
consisting of CVM glycoproteins B, H, and GCIII, HIV-1 
3 0 envelope glycoproteins, RSV envelope glycoproteins, HSV 
envelope glycoproteins, EBV envelope glycoproteins, VZV 
envelope glycoproteins, HPV envelope glycoproteins, Hepatitis 
family surface antigens; 

the toxin is selected form the group consisting of 
3 5 pseudomonas endotoxin and osteopontin/uropontin, snake venom, 
and bee venom; 

the blood factor is selected from the group 
consisting of complement C3b, complement C5a, complement C5b- 
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38. The antibody or analog of claim 19 wherein the 
desired antigen is human fibrosin. 

39. The antibody or analog of claim 19 wherein the 
5 • desired antigen is human PTHrp . 

4 0. The antibody or analog of claim 26 which is an 
agonist or is a catalyst. 

!0 1 1 41. A recombinant DNA molecule encoding the 

antibody of any of claim 26-40. 



42. A recombinant DNA molecule which comprises an 
V ' expression system for the antibody or analog of any claims 

15 I 26-40 which expression system comprises a nucleotide sequence 
encoding said antibody or analog operably linked to control 
1 < sequences capable of effecting its expression. 

43. A recombinant host cell which is modified to 
20 contain the DNA molecule of claim 42. 

w 

44. A method to produce an antibody or analog 
which method comprises culturing cells of claim 4 3 under 
conditions wherein said coding sequence is expressed; and 

25 recovery the antibody of analog produced. 
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; ATCTGCAAATGAACAGCCTGAGAGCTGAGGACACGGCTGTGTATTACTGTGCGAGAGA][CCGAC 
' TGGGGAT] [ CTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAG]CCTCCACCAAGG 
V GCCCATCGGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGC(GC)GGCCCT 

■ GGGCTGCCTGGTCCAAGGACTACTTCCCCCGAACCGGTGACGGTGTCGTGGAACTGAGGCGCTC 
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FIG. 16C 
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GCAGTTTATTACTGTCAACAGTATTATGATACTCC][ATTCACTTTCGGCCCTGGGACCAAAGTGG 

ATATCAAAC]GAACTGTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGnGAAA 

TCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTACAGTG 

GAAGGTGGNTAACGCCCCA 
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rTCCCTCACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGACCTGGATCCGCCAGCC 

CCCAGGGAAGGGGCTGGAGTGGATT6GGGAAATCATTCATCATGGAAACACCAACTACAACCCG 

TCCCTCAAGAGTCGAGTCTCCATATCAGTTGACACGTCCAAGAACCAGTTCTCCCTGACACTGAG 

CTCTGTGACCGCCGCGGACACGGCTGTGTATTACTGTGCGAGAGG](GGGAGCAGTGGCTGCG]fT 

nGACTAGTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAG]CCTCCACCAAGGGCCCATCGGT 

CTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACA6C(GC)GGCCCTGGGCTGCCTG 

GTCAAGGACTACTTCCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCTCTGACCAGCGGC 
GTGCACACCTTCCCA 

FIG. 16E 



[TGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACCATCACTTGCCAGGC 

GAGTCAGGACATTAGtAACTATTTAAATTGGTATCAACAGAAAGCAGGGAAAGCCCCTAAGGTCC 

TGATCTACGCTGCATCCAATTTGGAAGCAGGGGTCCCATCAAGGTTCAGTGGAAGTGGATCTGGG 

ACAGATTTTACTTTCACCATCAGCAGCCT6CAGCCTGAAGATATTGCAACATATTATTGTCAACA 

CTATGATAATCT]A[CTCACTTTCGGCGGAGGGACCAAGGTAGAGATCAAAC]GAACTGTGGCTGC 

ACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTGGACTGCCTCTGTTGTGTG 
CCTGCTGMTAACTTCTATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGG 
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AGTCTCTGAAGATCTCCTGTAAG6GTTCT6GATACAGCTTTACCAGCTACTGGATCGGCTGG6TG 

CGCCAGATGCCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTATCCTGGTGACTCTGATACCA 

GATACAGCCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTA 

CCTGCAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACA][GGACGG 

TG][ACTCCTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCAG]CCTCCACCAAGGG 

CCCATCGGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCTCCGAGAGCACAGC ( GC )GGCCCTG 

GGCTGCCTGGTCCAAGGACTACTTCCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCTCT 

GACCAGCGGCGTGCACACCTTCCCACTGCCA 

FIG. 16G 



TGTCTGCATCTATTGGAGACAGAGTCACCATCACTTGCCGGGCAAGTCAGAGCATTAGCAACTA 

TTTAAATTGGTATCAGCAGAAACCAGGGCAAAGCCCCTAAGTTCCTGATCTATGGTGCATCCAGT 

TTGGAAAGTGGGGTCCCATCANGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCAT 1 

CAGCAGCCTGCAACCTGNGGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTAACCC]T[CTC 

ACTTTCGGCGGNGGGACCAANGTGGAGATCAAAC3GAACTGTGGCTGCACCATCTGTCTTCATCT 

TCCCGCCATCTGATGAGCAGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTGAATAACTTCT 

ATCCCAGAGAGGCCAAAGTACA 

FIG. 16H 
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